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Abstract
Crambe abyssinica is an annual herb. After introduction and cultivation in China, the oil content of its whole seed
reaches 34.48%, of which 62.50% is erucic acid. Some available characters, such as short growing season, potentiality
of high yield and good resistance to diseases were found. In the Chengdu area, the experiment of sowing date and
density indicated that the sowing date of C. abyssinica could be preliminarily determined: from the beginning of
October to mid-October and 150 000 plants:ha was more suitable. After single-plant selection, two new strains named
N01 and B07, respectively, were obtained. Multi-locational evaluation showed that N01 and B07 were superior to the
original both in yield and stress resistance. Therefore, C. abyssinica shows itself a promising oil crop, which can be
used in industry in China but further studies are needed. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Crambe abyssinica Hochst. Ex R.E. Fries is
classified under the genus Crambe and the family
Cruciferae, which includes crops such as rapeseed
(canola and industrial oilseed rape) and tame
mustard (Schulz, 1919). It is believed to be a native
of the Mediterranean area (Leppik and White,
1975). Interest in Crambe lies in the usefulness of
its seed oil having erucic acid content (55–60%) and
of seed meal with good quality of protein (Downey,
1971). The current trend is toward the development
of rapeseed cultivation low in erucic acid, but with
improved nutritional quality of the oil as a food
(Tallent, 1972).
Products of the high erucic acid oil from either
erucic acid or mixed fatty acids from the oil can be
applied in a wide range of products, such as
pharmaceuticals detergents, and cosmetics, Its
derivatives from Crambe oil can be used for lubri-
cants, rubber additives, new type of nylon, base for
paints and coatings, high temperature hydraulic
fluids, dielectric fluid, waxes and other products
(Leonard, 1994). The oil has good chemical and
physical properties to be employed as a refrigerat-
ing and lubricating fluid, e.g. in steel casting and
hardening (Mulder and Mastebroek, 1996).
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Table 1
Observation of phenophage of C. abyssinica (month:day)
Seedling date Flower bud date Blooming dateSowing date Harvest dateLocality Days of growth
10:18 1:20 3:30 5:10Chengdu 21210:8
6:10 7:10 7:25 9:136:3 100Kunming
Crambe meal may be used primarily as live-
stock protein but also can be used for protein
isolates and fertilizer. Because of high content of
glucosinolate in the meal, the Food and Drug
Administration of USA has approved use of de-
fatted Crambe meal as a beef cattle protein sup-
plement at levels up to 4.2% of the total weight of
rations (Cooke and Konstant, 1991).
Since the 1970s, several cultivars of C.
abyssinica have been released: ‘Prophet’, ‘Indy’,
‘Meyer’ (Lessman, 1975), ‘BelAnn’ and ‘BelEn-
zian’ (Campbell et al., 1986) in USA. At the
present time, C. abyssinica has been cultivated in
America, Canada and several European countries
(Downey, 1971). It has also been found agronom-
ically acceptable in a few Asian countries, such as
Pakistan (Hamid, 1987) and India (Lazzeri et al.,
1994). This paper reports the introduction result
of C. abyssinica in China and the preliminary
studies on its agronomic characteristics, seed com-
position, cultivation measures and selection for
new strains with low glucosinolate in the meal and
high erucic acid in the oil.
2. Material and methods
2.1. Plant material
C. abyssinica (cv ‘Meyer’) was provided by
USDA (US Department of Agriculture).
2.2. Analysis of seed composition
The fatty acid methyl esters and glucosinolate
content were determined by gas chromatograph
equipped with a flame ionization detector (FID)
and a 2 m column packed with 5% DEGS on
chromosorb WAW.
2.3. Determination of planting date
The seeds of C. abyssinica were grown in the
experimental field on the campus of the Sichuan
University from early October to December at an
interval of ten days. The density was 150 000
plants:ha with the plot area of 13.33 m2. Resis-
tance to diseases was investigated according to the
method of Liu (1985).
2.4. Experiment of planting density
The experiment had three levels of density:
120 000, 150 00 and 180 000 plants:ha. There were
three duplications of a randomized-block design
with a plot area of 13.33 m2.
2.5. Selection for new strains
Single-plant selection has been successively car-
ried out for four years in combination with erucic
acid and glucosinolate tracing analysis in order to
acquire strains with high yield and good quality.
Two new strains named N01 and B07, respec-
tively, were obtained. The experiment of assess-
ment for the two strains was made in Chengdu,
Mianyang and Kunming area from October 1997
to May 1998. The control (CK) was the unse-
lected group of C. abyssinica.
3. Results
3.1. Obser6ations on agronomic characteristics of
C. abyssinica
Phenophagical observations indicated that high
yields of C. abyssinica in the Chengdu area were
usually associated with planting in early October
like winter rapeseed. The days of growth were
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Table 2
Observation of agronomic characteristics of C. abyssinica
Agronomic characteristicsDuration of growth
Location ofDays ofRipening date No. of primaryPlant heightSowing dateLines No. of grains 1000 seed Yield per plant
per plantprimary effec- weight (g)effective (g)(cm)growth
tive branches branches (cm)
(cm)
1210:5 19 1281 6.5 8.35:12 214 100A-1
24 4274 5.5 23.88110224B-1 9:25 5:12
9.39:28 22 4010 5.9 23.75:10 222 112N-1
108 17 20 2141 5.8 12.6M-1 10:5 5:9 212
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Table 3
The chemical composition of Crambe seed cultivated in
Chengdu area
Composition Whole seed Dehulled seed
Oil content (%) 44.4734.48
24.2Protein (N6.25) (%) 31.2
9.59 2.78Crude fiber (%)
71.5–82.2Glucosinolates (mmol:g) 116.1
Fatty acid composition
2.18Palmitic acid
16.49Oleic acid
9.34Linoleic acid
4.80Linolenic acid
4.69Eicosenoic acid
Erucic acid 62.50
Table 5
The relationship of different planting date and percentage of
disease investigated in maturation
Percentage ofPlanting date Diseasea(%)
Virus diseaseSclerotinia disease(month:day)
10:1 32.2 10.4
9.210:11 30.3
29.5 9.110:21
13.540.711:1
11:11 48.3 15.9
a Note: percentage of diseaseNo. of plant with disease:
No. of total of the investigated plant.
which 62.50% was erucic acid and 2.5–7.5%
higher than the previously reported ones. The
content of glucosinolate in the whole seed was
71.5–82.8 mmol:g, which was lower than that of
105–164 mmol:g reported previously (Downey,
1971). In the whole seed, the crude fiber content
was 9.59%, the protein 24.2%. In the dehulled
seed, the protein was 31.2% and the crude fiber,
2.78% (Table 3). Compared with the previously
reported ones, the content of crude fiber was
lower and protein, higher (Carlson et al., 1985).
3.3. Culti6ation measures of C. abyssinica
3.3.1. Planting date
The yield of Crambe was determined by three
factors, i.e. planting density in unit area, seed
number per plant and 1000 seed weight. The
results of planting date from October to Novem-
ber indicated that the later it was planted the
fewer its primary branches, seeds per plant and
1000 seeds weight were, and the percentage of
212–224, which its blooming date was around
March and harvest date, early May. This differed
greatly from the result of 90–105 days reported
previously (Princen, 1984). Whereas when C.
abyssinica was planted in Kunming in the early
June, it has a life cycle of 100 days but frequently
resulted in low yields (Table 1).
Crambe planted in the Chengdu area was an
erect annual herb, having numerous branches
(primary effective branches, 19–24) and growing
to a height of 1.0–1.2 m (Table 2). The whole
pods (seeds plus hulls) weigh 5.5–6.5 g:1000 seeds
with the hulls accounting for 21–29% of the
weight of pods. The theoretical yield of 1485–
5250 kg:ha can be attained.
3.2. Analysis of Crambe seed composition
After 3 years selection in the Chengdu area, oil
content of the whole seeds reached 34.48%, of
Table 4
Influence of different sowing date on the yield and economic characters of C. abyssinica
No. of grains perSowing date No. of primary Percentage of 1000 seed Theoretical yield Ration of
(month:day) weight (g)plant (kg:ha)empty hull yieldbranches
1558.55.828 9.210:1 2241 100.0
5.59.61636 1078.52710:11 69.2
10:21 24 1509 21.1 4.7 850.5 54.6
825.04.327.416002411:1 52.9
15 1276 36.5 4.0 612.0 39.311:11
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Table 6
Influence of different sowing density on the yield and economic characters of C. abyssinica
No. of primary Theoretical yieldYield per plant 1000 seed weight Ratio of yieldDensity (1000
(g)plants:ha) branches (%)(g) (kg:ha)
9.98 5.712 1197.022.8 100.0
13.1 5.524.7 1965.015 164.2
8.30 4.018 1494.022.3 124.8
empty hull also increased. For example, the yield
planted on November 11 was 60% less than that
of October (Table 4).
On condition of different planting dates, the
correlation coefficient of seeds per plant and 1000
seed weight to yield was 0.976 and 0.927,
respectively, both significant at 1% level.
Therefore, seeds per plant and 1000 seed weight
were key factor affecting the yield of Crambe.
Based on percentage of disease (Table 5), the
planting date of Crambe in the Chengdu area
could be preliminarily determined: from early Oc-
tober to mid-October, when the mean tempera-
ture was 15–18°C and the precipitation was
enough. So it was favorable for the growth of
seedling, and moreover there were less diseases
and pests in the blooming period in the mid-
March.
3.3.2. Planting density
Increasing the yield of Crambe could be carried
out by two ways, i.e. raising the planting
density or the effective branch number. If the
planting density was too high, the plant couldn’t
grow well and the primary branch number
and the seed number per plant would
decrease. Table 6 shows that the yield of 150 000
plants:ha was the highest, yield of 180 000 plants:
ha was the second, and yield of 120 000 plants:ha
was the lowest. Through LSR-method analysis
(Zhou, 1985), we found that the difference be-
tween the yield of 150 000 plants:ha and that of
120 000 and 180 000 plants:ha was significant at
5% level, however, the difference between 120 000
and 180 000 plants:ha was not significant.
Therefore, we suggested that the density of
150 000 plants:ha in the Chengdu area was more
suitable.
3.4. Selection for new strains
Multi-locational evaluation were made for N01
and B07 in Chengdu, Mianyan and Kunming
areas. Table 7 showed that the difference between
two strains and the control was significant. Two
years analysis of seed composition showed that
glucosinolate of N01 remained under 53 mmol:g,
15–35 mmol:g lower than that of the control,
erucic acid of B07 was above 62%, 6–8% higher
that that of the control (Table 8). The further
selection of above-mentioned strains was in pro-
gress.
4. Discussion
Crambe oil is a good source of long-chain fatty
acids and contains 10–15% more erucic acid than
industrial rapeseed oil. Moreover, Crambe is a
main self-pollination plant and it traverses cross
pollination occurring between industrial rapeseed
and canola or edible oil rapeseed in adjacent
fields, which the result is an oil with intermediate
erucic acid content of low value for industrial
purposes and unfit for human consumption.
Crambe introduced in China is an annual herb
with higher seed yield and erucic acid content,
Table 7
Composition of significant of the tested-strain yield in 13.33
m2 area
Mean yield DeviationName of strains
(kg:13.33 m2)
N01 2.06 0.68a 0.24
0.44a1.82B07
1.38CK
a Significance at 5% level.
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Table 8
Composition analysis of erucic acid and glucosinolates of N01 and B07 strains
Name of strains Glucosinolate (mmol:g)Erucic acid (%)
19981997 1997 1998
61.40N01 59.36 52.57 52.07
62.07 63.6563.51 57.32B07
55.40CK 55.92 88.08 67.65
and lower glucosinolate content. Therefore,
Crambe shows promise of becoming a new oil
crop with a high erucic acid content, which can be
used in industry and an additional protein source
as well in China. But problems with Crambe are
weaker resistance to diseases and lack of required
genetic diversity for improving it through breed-
ing. More recently, by the treatment of seed with
different concentration and dose of EMS and
60Co, the single-plant selection of M1 generation
was carried out (Wang et al., 1999).
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